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It is an important challenge to find an explicit model of dynamical supersymmetry 
breaking ]![] which satisfies all known experimental constraints. The most promising avenue 
is that of gauge- mediated supersymmetry breaking (for a review, see e.g. [1TT[|). 

Unfortunately, all these models are extremely complicated. The complexity originates 
from the sector of the theory which dynamically breaks supersymmetry and is made worse 
by the messengers. 

Following Ijl^, many authors have recently found extremely simple models of super- 
symmetry breaking in a metastable state ||T^ - P^ (for earlier work see e.g. [^ pi]| , P^P7| ) . 
One can hope to use the large global symmetry of these simple models to construct a 



model of direct gauge mediation in which no messengers are needed [^, as was recently 
discussed in |lT^ , |T6| , |2T| , p3| . Here, following |2^], we will explore a gauge mediation model 
with messengers. 

The main point of this paper is to make the model of completely natural. That 
model has a number of mass scales which were put in "by hand." In a completely natural 
model such scales should arise dynamically. This is easily achieved, as in [|l^,|0l5 by 
introducing another gauge group and replacing every dimensionful constant by the gluino 
bilinear of that group divided by an appropriate power of a high scale, which we will take 
to be the Planck scale Mp. 

Our model is extremely simple and completely natural. It also has many simple 
variants. We do not necessarily advocate this model as a model of Nature, but merely 
as an illustration that the traditional ideas of naturalness and dynamical supersymmetry 
breaking can be realized in a simple and economical model. 

Our model includes three sectors: 
1. The first sector is a supersymmetric Yang-Mills theory with some non-Abelian gauge 

group G with no charged fields. It is characterized by a scale A where it becomes 

strong. The purpose of this sector is to dynamically generate the mass parameters 



in the Lagrangian of [22], as in |19,20|. The scale A is larger than any other scale in 



the problem except Mp, and therefore the dynamics of this sector should be analyzed 
first. 

2. The second sector breaks supersymmetry. Here we follow and consider the super- 
symmetric QCD (SQCD) theory with gauge group SU{Nc) and with Nf quarks Qi, 
, with A'^c + l < Nf < 3Nc/2, characterized by a scale A. Clearly, this theory can be 
replaced by other theories which similarly break supersymmetry. We do not include 
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mass terms for the quarks in this sector. These arise only through the couphng to the 
first sector via high dimension operators. 
3. The third sector includes the MSSM (or some other supersymmetric generalization of 
the standard model), coupled to messenger fields / and / (which can be, for instance, 
in the 5 and 5 of an SU{5) GUT group). We do not include explicit mass terms for 
the messengersS. Such a mass term arises from the coupling to the first sector via 
high dimension operators. 

Suppressing factors of order one, the terms in the action which are relevant for our 
analysis are of the form 



J L^^^P \9sYM ^^^p J 



(1) 



where is the chiral multiplet including the gauge field of the group G. Here we assumed 
that the MSSM fields do not couple to Q and at the leading orderi. In addition 
to (|I|) there are standard terms for the MSSM fields, and for the SQCD sector which 
breaks supersymmetry, and canonical Kahler terms. For simplicity we assumed that the 
action preserves an SU{Nf) flavor symmetry of the SQCD quarks. This assumption is not 
essential, and our conclusions do not change if arbitrary 5't/(A^/)-breaking couplings are 
allowed in (|l|). 
We take 

A < A < Mp. (2) 

The Planck scale Mp may be replaced by any other high-energy scale which we do not 
discuss in detail. Note that the superpotential (|l]) does not have a continuous R-symmetry 
(but just an R-parity symmetry). 

The largest scale in the model is A. Here, the gauge theory of G becomes strong. 
Gaugino condensation in this theory leads to (Tr(VF^)) ~ A"^, generating masses for the 
SQCD quarks Q and the messengers / 

A' 

mg ~ m/ ~ j^. (3) 



^ With the exception of the fi parameter which we do not discuss, the gauge symmetries forbid 
mass terms for the MSSM fields. 

^ This can be made natural with an appropriate symmetry. Without such a symmetry this is 
automatic for one of the coupUngs in (|^) (this is the definition of the messenger fields), but we 
assume that it is true for botli. 
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The next scale we encounter is the scale A where the SQCD theory becomes strongly 
coupled. We will take 

mg < A. (4) 

Then, below the scale A the weakly coupled degrees of freedom are those of the dual 
"magnetic" theory . In terms of these degrees of freedom we have 



W = ^q'qj + mQATr($) + (m/ + Aty($))//, (5) 
where q and q are the dual quarks (or the baryons if Nj = Nc + l fS^I) and $^ = QiQ^ /A. 



As discussed in [|T^ , when mg <^ A this theory has a metastable SUSY-breaking vacuum, 
in which the F-term of $ is of order F$ ~ mgA. 

The low energy spectrum in this vacuum has a number of massless fields including 
Goldstone bosons of some global symmetries and some of the fermionic components of $ 
T^ . These can be made massive by gauging the global symmetry, by including SU{Nf)- 



violating couplings in (P, or by including other higher dimension operators |]2^ . 

In this supersymmetry breaking vacuum, the effective superpotential for the messenger 
fields well below the scale A takes the form 

W = Sfl (6) 

which is the standard form of gauge-mediated theories of supersymmetry breaking, with 

It is easy to check that all other possible terms which we did not write down explicitly in 
(P merely give small corrections to and do not destabilize the SUSY-breaking vacuum 
(though they could shift it by a small amount). 

Note that in addition to the SUSY breaking vacuum analyzed above, this model also 



has several SUSY-preserving vacua, as expected from a theory with no R-symmetry pi 
These vacua include the SUSY-preserving vacua of the SQCD theory, and they are all far 
away from the SUSY-breaking vacuum for the parameters we choose, such that the lifetime 
of this vacuum is very long. 



As discussed, for instance, in [^, in order for the analysis above to be valid and in 
order to find a realistic spectrum several inequalities need to be satisfied. For the longevity 
of the metastable vacuum in the SQCD sector we need 



In order for the messenger fields / not to be tachyonic we require Fg < or 

A^Mp < A\ (9) 

Finally, in order to preserve the successes of gauge mediation, including the lack of flavor 
changing neutral currents, we would like the gauge-mediated contribution to the scalar 
masses to be much larger than other contributions which arise from terms of the form 
-TjaQ^Qf in the Kahler potential {v is a typical MSSM chiral superfield). This leads to 
a bound like 

msuSY ~ -; Fs > 100 ■ — F$ (10) 

47rm f Mp 

and hence _ 

which is a stronger version of 

Expressed in terms of the typical scale expected for SUSY breaking and the Planck 
scale 

F h? 

^ 1 ^ ^ IQ^GeV ; M„ ~ W^GeV (12) 

ruf Mp 

we find 



A = ^fJMp ~ lO^^Ge]/, 



A^Mp ~ lO^^GeV^ < A^ < lO'^AM^ ~ IQ^^GeV^, 



(13) 



so we can take, for example, A ~ IQi^^GeV , and then ~ IQ^GeV , mq ruf ^ lO^GeV 
and e ~ 10~^. 

Although the range in (^^ might appear very narrow, in fact the situation is better. 
First, by including coupling constants and various factors of order one in (|1|) the range in 
( p!3D can be expanded. Second, note that there are no phenomenological problems if the 
inequalities ([T3| ) are close to being saturated (hence we used the symbol <). If the first 
one is close to being saturated, the messenger fields could be lighter than m/, but there 



is nothing wrong with that, while the second inequahty aheady includes a safety factor of 
100. 
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